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Pref'ace:

This report is,.the se~rentha monthly repor't of' Divis ion 21,,1111C on
Ordnance a~nd Termin'l iallistics, "covering th perio rmJnay1~t
February-115., 1 9L5., Th--se monthly r'eports are compilations of' inforn-Al ,.re-
pcrts su15mitted..in advancb of formaal,. rel~orts. In no casn -s' i~+. to~ be r

sumod U th1tti woxc s.,i compl~ete or -that the rodults reported -are. other, than
tentatI.ve.

"he work c~ec5odi hsrpor1ý is pertineht to-th~e projects -dosig-

nated by the a Department Liaison O~ftf~ier as 'AC-73, Cl2-36,. OD-75, OD1 l$4,
*OD-1 60, and! to the projects designated by the Navy Depart~ment Liaison, Of:L`ýcer N
*as NO-il3, .11012. 'Thn wdork vzas, parformed.-undet' Contraict &2Iisr-26o with

Princeton University-and Contract OE1,sr-1284_vth Dhlke Univer'sity.,

Arrangemeriint_ ,is by projact rahr b nHA
,material. pertinent t~oa, partigular,phase of' the liror1 nay ap-pear togeth er.
These mo~nthly OTD reports '4r intended to cive in sone detail t~he results
obtained during the preceding month by. each-&,f tho contractors working, on a
particular. projact.

Thi~botrd Ezpy is'intended for the uhe only -~ hoeInidalan
grow~s authorized to receive inf ormIation ab o-t, the activities of'ý Division~ 2
in the entire field of' Ordnance and. Terminal- Ballisticsa. It shoul(! not e,
shovAi to persons who are conce'eiped Ywith onlYr a 1:1niiited: part of. the or,,
Loose-leaf cop~ies of -the sections are avail~ble~for: distribution throug-h
liaison dhann:3ls to those iwho have a legitimate interest in the results of
work on individual projects.

Initial diatribut-ion of copies of' the".reiport

* Nos. I to 17 to Liaison Office, OSRD;,

Nos, 181to 25 to Off ice.of' the L21xecutive Secretary,. OS3ZD;

* No.. 26 ,to 'n. C. Tolman' Vice ChaLirriian kYDRO,;.: /

No. 27 to J. PO Baxter, III, 11istori~an, OSRD;
Nos 28nd 9 tot 3Uio, Jr.~ Chiaf, Division 2;

N~o. 31 to MI. P. iWhite, -Technica~l UAid' , 2lvision 2;

NO* 32 'to H. L. Bo an, L-ember, 1)ivix-si on 2;
No. 33 to if. ;ý..Lawson, UErtier, :0ivisi o .2;
No. `3h~ to D. P. 1L1acDougall "ermbor Di-:vSion :2-;'
Ne. 35 to S. A. Vincent, Lecrer, Oivision 2;No.36to *vonNeaaar en Division 2;

Aos . 37 and 36-to Division 2 Library,_IPri-*nceton University;

No. 39 to O~ftice of Field -bervi_*ce, 0,9RD (J, . 93urchard);
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1lo. 40 to Oirdnance Departmcnt Liaison Off.cer with iHDZC;

:',os. 1i and L2 to Dureau of Ordnance (Research and Dcvelopuecnt Division,Re3) ;

i'To.. 3 to .'berdeen Proving Grou-nd (73alllistic Research Laborator-y)/

Nos. )44 to ,48 to Liaison Office a9P6D. 'or transmitO-,a to DiviioS
.. Lmfnve; H. P. Aobertson; Road Research Laboratory; -Armament

Research Department; imistr-y of Home Security;

1-o. 9 to Aryirr ground Forces Liaison Officer with NDRc;

No. 50 to .H. Iý. N -ark, Consultant, Division 2;

i `o, S to A. H. Tauo, Consultant, Division 2;

Noo 52 to L. F. Adams, Chie3f Division 1;

No. 53 to H. ?3. .llen, Deputy Chi .. f, livision 1;

Nos. 5h and 55 to Corps of' cngners (L-. Col. W. J. New,-);

No, 56 to Aberdeen Proviis Ground (iiaj. J. S. Lieb);

No. 57 to Joint Target Group;

Nos, 58 and 5); to Office of Field Scrvice, 03RD (fMrs. M. T. Schneider);

±No. 60 to 2xpmerimental Officcr, Naval Proving Ground;
!\No. 61 to Target Analysis Section, Joint Intelligence Center, Pacific

Ocean ýrea (Lt. Colidr. T. C. Wdilson);
T -Ho. 62 to Tl. von -karimn, Director, Scientific Advisory Group, Hq., AA!I;

1io. 63 to -Duroau of A:eronautics (Coodr. ,. Tatom).
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CONTEMr~S

~.CE-36 REQUTRkJENTS FOR PROTECTIVE STRUCTURES
05)-.7q INV.ESTIGATION OF THE PENIETRATION OF HOMOGENEOUS AND FACEr-

HARDENED A.RMOR AT STRIKING VELOCITIES *OF 3000 PT/5s.C AND,
.ABOVE-

NO-1 2 TESTING FACILITIES., CONCRETE, DETONTATION- EFFECT - BLAST,
EARTHI SHOCK.- STRUCTURE~a,--

Penetration theqýt ~stiiiiates -ofvel city and time dur-
ing penetrat*!¶ by, R. A. B~eth, Prin .ton University.. 1

OD-75. INVESTIGA.TION 4ThE PENETRA&Q-OH 'OGENE0US, AND FPACE-
*HARDENED AR1Aoi. AT STRIKING VELOCITIES, OF 3000 FT/STC AND

/AB OVE -i

N~-1 1 STRUCTURAL DEFENSE., TESTING FACILITIES

Terminal. ballistics,,of tungsten carbide projectiles:
survey-and nose-shape, tests, by C. W. Curtis. R. J.

*Emric~h and J.R. W oule inci-toniniversity .... 11

oD,-1 Sh REDUCTidfq OF SMOKE AND, DTST EFFECT
OD-1 60 FUNDAMENTAL DESIGN OF WtJZLE BRAKES

Third reoton blast deflectors for the suppression of/
dust., byr J. J, Slade, Jr,, Prinqeton University- 31

*AC-73 UTILIZATION OF FRANGIBLE PROJECTILEI1N FLEXIBLE GUANERY K
TRAINING

Calculated l eads for aerial gunners using the A.PI-M8 cal-r
iber.50 proie'ctile end the T144 caliber .3)0 -'ag~

_projectile., by H. Sc]lieraga and M. E..Hobbs, Duke, Univer- -

sity 41 *...**....* h

The effect of-p'rojectiie dianeter on the averarge muzzleij
velo 'city for -the T44 projectile., by A. J. Weith, Jr.,,

J0 H Saylor, and M. E. Hobbs, Du~ke- University-*.. 47-
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Division 2, NlCim ADVANCE RELEASE: This
SMonthly Report 01f3-7 (S0SP-4720) " .. ormation is tentative
February 15, 1,)45 and" subject -to revision.

Projects CE-361 NO-12, OD-75 Princeton University
W. Bleakney, Supervisor

P&ETRM!TION THEORY: ESTIMATES OF VELOCITY AND TIM-.E DUTRTIT PEINE TR-A-_N

by R, A, Beth

"Abstract

This paperr.sunmarizes the thepry, of the variation of the. resisting
"force R during proje.ctile, penetration for three cases -- (i) R is a
constant, the Robins-Euler Theory:; (ii) R is a function of the remain-
ing velocity (sectional-pressure theol.es; and (iii) R is a function
of the distanceI penetrated (sectional-en-ergy.-theories)- .

Neither the theoretical nor an espirical approach has been suffi-
cient to give a knowledge of RI however, the. actual curve for R is ex-
"pected to fallbetween those predicted by. cases (ii) and (iii).

A knowledge of R would be a ..step toward polution of the piactical
problems of fuze setting, target design, and projectile design.

1. Introductiop

T.e laws of variation of the resisting force during the penetration

cycle of a projectile are not known. It hasý"been necessary to accumulate a.

very- large quintity of experimental data on penetrations and velocities and

to attempt through these to assay the influence of target and prbvectile

parameters. Our inability to apply the second law of motion has therefore

resulted in this situation: we can only predict with confidence those cases

in which the variables lie reasonably close to situations for which we have

carefully measured data; this confidence decrease .rapidly as greater ex-

trapolation from. previously measured combinations becomes necessary.

'There are certain kinds of practical problems for Which we do not even

have previous measurements by uhich to make reasonable empirical predictiond.

'Among t1ese are:

(a) Setting of fuzze - The time of0 penetration has.,

been sought in order to specify fuze settings for detonation

- at or near maximum penetration, expecially i= concrete.

This paper is a revision, viith minor alterations; of a Division 2
contractor.' s informal memorandum -- Pi-6-- of March 19L4.
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(b) Design of composite targets. -- If a target con-

sists of a combination of layers of earth and-concrete, or

concrete and steel, it is desired to estimate the over-all

resistance from the available d~ata on each separate material.

Thi5 ciuld be done, _for examp.l.e, b . - -".... •'-

velocity with which each layer after the first is attacked.

(c) Design of projectile. - In order to design a pro-

jectile containing as much explosive as possible without un-

due veakening against deformation, it would be helpful to

have reasonable estimates of the maximum force acting during

penetration, espec.ially in concrete.

It is the purpose of thfs paper to suggest aethods by which reasonable upper

and lower bounds may be given for the fundamental quantities upon which solu-

tion of these practical problems depends.

2. Penetrationftheory: Limiting cases

Assume that the following projectile parameters are constant during

penetration:

Sweight of the projectile;
A cross-sectional area of the projectile;

P sectional pressure = W/Al and
PI sectional density = P/g, Maere g is the acceleration

due to gravity,

Denote the kinematic variables during penetration by

x - the distance penetrated;

v - tho remaining velocity; and

t =_.the time.

If v0 is the striking velocity, x, the maximum penetration, and tI the time'

of penetration, then:

v = Vo for t 0,

x =X

v 0 fxor t = ti.

The relation between x, v, .t, and the resisting force per unit area)_ra,

during the motion in the targot is given by Neteon's second law, which -ve

C 0 N F I D E N T I A L
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wr-te in the f orM

(I P dmx P dv = L .v

"7t dx

It is usual in atempting to construct a theory of 7enetrati on t.n assume

physically plausible form for the resistance function R involving only. con-

stant parameters, which are to be evaluated after the in'egration from

selected penetration measurements. These attempts, not4bly the Eulcr and

Poncelet theories, then prescribe a' functional connection between x , and v 0

vhich it is difficult or imossible to reconcile with ,:the observed, curves.,

Alternatively, the. observed curve connecting x1 and v0 can often be ex-

pressed algebraically as an empirical penetration formula without reference

to the equation of motion, Eq. (I). The resistance function R is not

uniquely determined by the empirical formula or curve, connecting -•. and vo.

Thus neither the theoretical nor the empir;ical approach has been suffi-

cient to provide a knowledge of R or, what is equivalent,, of x, Xv,.-and t,

during penetration. It is of interest to attempt tc..cbine the two, supple-

menting the emnpirical knowledge of the xjVov-relation by just-enough assump-

tions about the form of R to determine the latter uniquely, .

If the penetration x, has been. measured for only Oney value of vo, then

the simplest sufficient supplementary assuntion regarding R is .

(a) The resistance is constant. -W ith tR.= c where C

is a constant,,Eq. (1) becomes

dv = -c°

Separating variab4es and integrating we get

cJ p0 'v0  I

cih iedx PtI vdv P' vdv, j
v~hich gives,

cx 1 = V2 (work done striking kinetic energy);
0

or

PIv 2  2cx.,
0

,,C 0_ NF I D E N T I A LLS--
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N'e may also write the indefinite integrals

cj dx - J vdv P1 v dV.

Integrating. we get

2cx P-(v2 
-V2)0

T1X Pv - 74V

2cx 2cx1 -PIv2

* or

2c(xl - x) = Pvy2 .

This is essentially the Robins-Euler thcory. It is more

interesting as the simplest possible reference case than for

practical applications.

If the penetration..xi has been measured for enough values of vo so that

it maybe considered to be kncm as a smooth curve starting as X, = 0 and

v 0 =-0, then tym equally simple sufficient assumptions regarding R are

(b) The resistance depends only on v. -- Integrating

Eq. (1) for R - fiv) gives

x.= P? 0V vd Fp(v 2 )

hence

f(v) P'v° dvo

Also,

x )CI -Fp(v2).

In this case xj/P depends only on vo0  The penetration

theories that fall in this category are called sectional

ý-e ssurc theories.

0 N F I D E ; T I A L
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(c) The resistance depends only on x.e integrating

4-. (I) for R g(x) gives

0 2 .I1 g(x) dx G1(X 1)

henceI
"., vdv 0.o ~g (X,) PIv° x

Also,"

v2- =,v2o - Gp(x).

In this case., j-P'v depends ovly on %x,. The penetration

., *;,,theories that fall in this caiegory !\may be called sectional

,,enerUy theories. ,

Fi&ire 1 illustrates each of these thre~\ cases, Note that the functions

F (V2) add Gp(x.) as well as the constant 0 ýike determined. quantitativel~y in.

each case from the observed v2 plotted against x, in the diagrams of row Wi).

Then the graph of v2 against x for a particular penctration is drawn in row

(ii) by transposing the corresponding graph in row Wi) according to the

formulas der~ived in the foregoing. From row (ii) it is possible to obtain
px dCLJo-

as a functioh of-x by integrating. numerically if necessary. The velocity _

is then plotied,ý,against the time t in ro:w (iii). The time of-penetration t,1

is then given by the t-intercept of the last curves, and the area under t~em

repre sents ' ift1I

X, J vdto

Tilefollowing ,qualitative argument ma -be made that the R f(v) case
M and the R g(x) case gAve li•mits for v and t, between ,hich the physically

correct ,alues must lie if V

(1) the resistance actually depends only on x and v, that is,R = 1'(x, v) ..
'(2) the-rosistance for a given v cannot decrease ,as x increases

and, for a given x cannot increase as v decre~ses, that is,

- > , 0ax- av- 0 C 0• F I D E -1 T J.AL



Fig. 1. Pwnstratio~i theories S Summary of three cases.

Robina-kier Tioari Seaot ul Pressure Tfia mre Thcrie. Enetrm g Teories

R ca a R f(v) Rg- (x)

(1) Observed relation between atrik-ng velocity vo and mxiua petratioln x1 .

(i) 

0a 

( ) fo I e a

L~~T -a ------- 3q )

(ii) Relation betwven va and x ___ peetaton derived from (i)fofiexan .

For larger values of x• (or v.), shif €uve as shown by arrows.

Slope •2 x acceleration.

(i2 2ae of 2iz 7 oF $ or,. V, ,V,

Tv -Y:2G o 7
t!, 4 X 2 . v-"

'TX- X

1r. z z .1.. •".
(iia) (jib) Rotate (ib) about ver- (iC) Rotate (ic) about

tical axls to- get (Uib). horisontal axls to...
get (ii)..

(iii) Relation between v and t during penetrationj derived from (ii) for fixed x. and vo.

t- dx
j -J x-= vdt, slope - acceleration.

Time of pemetration t2 . is the t-intercept.

vot/jxL - area of rectangle/area under cmu-e . pure number.

v

I ~I *

t

(ila&) votLcl 2. (iiib) For df/dy > Oý1 (iub) and (ftic) For dg/dx > 0, (ilo)
(ilib) are cot•icave up- aid (lic) are con-
ward. and vot 1 /x1 > 2. cave downerd, and"v"t1 /x 1 < 2.

CONFI DE'N TIAL
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Both assumptions arc physically plausible. If the resisting force increases

with x the negative slopes in graphs (ii) and (iii) [de celerations] tend to

increase in steepness as x and t-increase; in other words, the curves tend

to be concave downward. Conversely, if the resisting. orce decreases -With
decreasing v, the negative slopes in (ii) and (iii) tend to become less steep

as x and't increase, thus tending to make the curves concave upward. These

tendencies are illustrated inthe cases drawn, in which the-resisting force

depends only on x or only on v,, and it is plausible that the tendencies re-

main when A depends on both under the assumption (2).

In Fig. 2, the curves (iib) and (iic) -from Fig. 1ifor the'R ? f(v) case

and the R = g(x) case are plotted together. On the foregoing qualitative

argument, the actual.curve for R R(xv) may be e-pected to fall between

the two curves given, as is suggested by the da;hed curve (Fig.-.2) 1

7, j . " -

V3

Fig. '2. Method of estimatingi .l.mitsI for-the remaining- velocity'
v for penetration x =mxa. Note that vv " ,t 5 x.

In Fig. 3 the curves (iii) from Fig. 1 for the R = f(v) case and the I
R = g(x) case are plotte.d together. The.area under each curer"iepresents
the maximum penetration x1 , vhiqh i's the same for both. being assmJmed kMomn

for- he given striking velocity vo, Here again the dashed curve suggests a

possible true case for the same value of xj.

CONFIDENTIAL
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\* Actual case (),

Figo e.stimating :imIits:or Jhe time :f enetrition

Fromthegraphs in Figs.-.2 and 3-it is possible to get reasonable.,

tion. 
. 1/

(a) Setting of fuz'e. -~Upper and lovier limits' for the time of penetra-.

tion can be estimated as shown in Fig. 3.

(b) Design of composite targets. - The over-all resistance can be

determined from curves like those of Fig. 2. If, for examiple, a layer of

concrete of thio1lmesp e =xa is. backed by a steel plate, then Fig. 2 should,

b'Made for concrete, and the steel should be ausessed in terms o~f the. estiý-'

mated stri}ing velocity vi1 , w~here vv. < vi <vx. This p~rocedure may be suf-
f icient-y- good -in many practical cases Triithout taking account of the altered

internal restraints in eachý medium o6 )ýcasioned by the interf ace. ,.

(c) Design of projectile. - The accelerdtion of the projpctile is

given by one-half the slopo of the curve in Fig. .2, and directly by the,

*slope 'in Fig. 3.* Thus the, maxirmum resisting f6rce acting on the projectile

during tho Penetration cyclo may b6 r6ughly estimated from 'the steepest por-

tion of the hiypothetical dashed curves., all~owance being made for some

*appropriate safety factor (for cxa~nplo,,50%). The derivations in &-c.'2

CO01NFI D Z/14T IA.l
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show, that for both the R f £(v). case and the R -g(x) cýse maximum decelerA--ý

tion encountered by the projectile is given by the maxioium- ilue of vodvrdx1

which is one-half the maximu m slo~pe of the experimental cu~re()inFg'1
IY'

_4. Concluding rmars

'~(a) I~t is' commonor to assume,- as has been done in the foregoing, that

the resistance"R d-can depend only on x and_4 Eve n this assumption, wh~ich

in its general 1gorm. already prevents us from. integrating tho equation of

motion, Eq. (1),, is probably' too simple, since it' 4mplies that the projectile

only encounters essentially undisturbed tofget paterial during penetration,

There is, however., reason to expect thal energy and momentumn transferred to"
'target material at' earlier stages in, the penetration cycle may serve to re-

duce both the crushing and the inerti~al resý,stanice of the target at later

stages., Thus the right-hand side of Eq. (1) should,,depend on "previous

history" as -vmll as on x and v, :.It,, is not obvious.h~ow this'hypothelsis ban

be put -in mathematical. form. It suggests that the penetratio~n cycle may in~-

* volve a. "transient" stage at the beginning during wh~ich the disturbance ini

the target:material is set up; a subse,,quent "lsteady-state"l stage during

vhich thne pirojectile-target interaction depends in some continuous way o
'relative motions; and possibly a i'inal "transient" stage when the projectile

*deceleration suddenly. (discoihtinuouly)drops from a finite va-lue.to zero:f

while, the" disturbance of the target inaterial'tapers off ,in s6me rapid but 4
continuous vray. It is, nevertheless., felt that these. considerations would4

,not greatly modify, the. practical. applicab ility of the methods described-,)

since they mnake use of actually measured rather the-in' postulated relations

between x, and o

,()just as the assexrption in the R =c ca~se can be tested by measur~-

'ing x,: for more than one value of v03 so the 4-suipptions in the R =f(v) and
R =g(x) cases-can be tested" by-:measuring x1 3,vo.curves for more than one

value of P, Some work on this has been done on concrete, with the indication

that the truth lies between the 'R f f(v) ca.se and the R g(x) ca'see It may

Y 2 For exapele, see 'Irvrminal baiLlistics I,"f b~y II. P. Robertson, an
1 941 unclassif ied. ,Submitted by the Committee on PPAB (later ICFD) to Chief

.,of Engineers., U,.S. Army3.

CI O N FI D E NTIA L
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be possible to. narrow down the, aBssu1ptions by using such deta, but the

=thods hive not beer, clearly formulated as yet!,

(_) A better analysis may result from present attempts -to measure te .

dirc÷UY. Prei-iminary indieationS'ý are that for concrete vxt./x1 lies in the0

,,vicinity of 2.0 to 2.5.

c 0 N I D/
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TENEIiNAL BALLISTICS-OF TVOSTEN CAIMIDE PROJECTILESs

SURVEY AND NOSE.-SHAPE, TESTS

by It . Curtis, R. J. E~mrich". and J. Re. Sproule

..Abstract.

Eighty- monobloc caliber ,244 projectiles' -of one nose shape have been'
tested in a survey against 2-caliber, h-caliber, and 6-caliber thick homo-
geneous armor at stri-king velocities'from 2500 f~t/sec to 5000 ft/sec and at
obliquities 61-1 attao *k from 00 to 65~ The regions of values of these vari-
ables in whiich purforation is achieved and in yjhich shatter occurs have been

- mapped out. The effect of shatter-on the perforati~in performance i~s simiiilar
in nature to that occurring with monobloc steel projectiles. Under c ertain.
conditions an increase in ,perforation limit energy at least as great as
*80 percent can be attributed to. shatter, .

Tvinty-gIive, ac~h- of.' f ive projectile dIesigns having widely different'
nose.,,-,shapes., -but al11 having. the sawmnweight 'and diametor -,as the survey"test I
projactiles,, have been fireoj against the same ýpla'tes and,. in -addition,
against an 8-cbaliber thick,(-ple.Neshpwa found to-. af fe ct strongly'
the shatter veloc ity and thereby the" perforationi performance of' the projec-.

*tiles. W1hen fired above 300 t/sec and at ob.iqute o ttackcof 4O0 an
les a a onblo wthot0ap sheath, or '.l

as amonblo.-4hbulcap shath orcarrier, projectile's of nose
shape 1 .2512,50 secant. ogive. or .- .25/h)'.'25.t'ang-eh*nt ogive .perfo±'ate greater",
thicknesses, of armor. than is possible with proj'ectiles having, less pointed
noses;' but at obliquitie-" of' attack .greater than 4 09, mh'ete all shatter, no
,large effect in perforto l itas noted,

shatter other than changes in nose shape must be employed when 'tungsten,
carbide is fired in the hypervelocit region.

1. Considerations of terminal ballistics of tungsten carbide

'The factors in the design of a proje ctile' with -a tungsten carbide r~ore

that"' affect its performance against armor plate ar(,:

(a) Size of core;

(b) Shape of core: nose 8hape and~ length;

(c) Physical properties: strangth.,and density;

-IAN A-oun Tf -apand -shieath.-
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The thickness of plate erforated will depend on the plate liardness, the pro-

jectile properties just listed, and the conditions of impact, that is, the

strikizg velocity and obliquity of attack.

"The desim of the- projectill e -that -•wen. fr- from a' given gun perforates

the maximum thickness of armor at fighting ranges must take interior and ex-,

terior ballistic behavior into account as well as terminal ballistic'behavior,

However, if the weight and diameter of various projectiles are held constant

and only the shape is varied, the" interior and exterior'-ballistics are the

same, and a comparison of the projectiles is possible from the terminal bal-

listic behavior alone. (,

2. Survey test

As the, first step in determining the combination of factors that would.

ive optimum terminal ballistics, a survey of the performance of a particular

iore has been made over ranges of variation of striking velocity, obliquity

of attack, and plate thickness. The ranges of these variables were chosen

to include, plate thicknesses (relative to the core diameter used) and

ubliquities that might be met and defeated in tactical conbat with hyper-

velocity projectiles, "all other factors were kept constant for this survey

test.

The values chosen'for the fixed variables and the ranges 6f variation of

the others are given"in Table I..

The contour of the projectile (type T,,-24-20) is shown in Fig. 1. The

particilar projectile 'chosen' ha .a diameter of O.21h in. and is nearly a

scale model of the core specified by the British Arny for the 6-pdr DNYS. 1f I

projectile, differing very slightly -4n nose shape ace Fig.e2.

The projectiles waro threaded for. a distanee'of 0.7c'aliber from the

bas8) to allow "erm to be fired as cores in a caliber .50"'sabot-orojectile

which discarded its sabot so that only the bare core impaoted the target.

Figure 3 is a shop drawing of the caliber e50 sabot-projectile,- with Which

velocities as high as 5200 ft/sec Y'-erc successfully bbtained. !

heao isa mou-fcaion of a'esi.gn' suggested by the University

of New Mexico utnder-66ntract to. Diyision 1 I, TC.
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'iable I. Values of terminal ballistic variables - strikingvelocitv,
obliguity of attack. an, plate thickness -- in surve, test

of caliber ,241 projectile type 1M-,24-20. ,

,The velocity range is from just below the perforation limit to 4400 ft/sec
in 400-ft/sec ,interyals.. .. .

Comnbsitibn: , 89% WO, 11% Co w/d0: 1.15 ib/in,

Nose shapes 1.25 caliber radins Cap, carrier, sheath: none
*I tangent ogive .Armor plate hardness: BHN 250

Length: 2.26,,calibers (ogive to to 270
base)

Plate Thickness Obliquity of Attack (dog) If .

(in.) (caliber) 0 3Q 40 5 50 1 55, "0 65-

2.01 8..24 • - - " o
1.5o 6.15 x x

1.01 4.14 x x x x

0 2.06 x x x x x

Striking yaw was measured. 2 ft ahead of the target and was generally

less than~ 5o velocities were measured 4 ft ehead of the targeot by light

screens on a 4-ft base line.

The results of the survey test are given graphically in Fig. 4, '\here

for each plate thickness, striking velocity is plotted against see c

(where 8 is the obliquity of attack). The type of hole in the armor

made by each shot was cl4ssif ed into one of four groups:

* (a) No perforation, smooth suifaced hole of approximate pro-
jectile diameter (nonshatter); ," ',

(1 tfl 4-D'Jr. r& tJ.l'JR, =IJRUt w-fUce hol oS. aproimt -u pre- --

tile diameter (rionshatter);-

(c) No pr'foration, rough surfaced, Oversized hole (shatter);

.(i) Perforati6n, rough surfaced, oversized hole (shatter).

Each shot is plotted with a symbol representing the result on the armor; no
4 difficulty was experienced in distinguishing between smooth-surfaced and

rough-surfaced holes except in the shlied regions in Fig. 4. 1'ithin the
wide spacing of the variables, straight lines coul-A.be drawn to indicate
the nonbhatter perforation limits. In the case of 2.06-caliber plate,

CO N F IDE N TI A L
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perforation limits obtained with the shattered projectile at high obliquities

have been indicated with a broken line,

Repovery of projectiles after impact vwas,,attempted, but generally with-

out success. Although smooth-holed perforationtp were frequently accompanied

by the recovery of the projectile nose intact, 'the remainder of the projec-

tiles apparently disintegrated to a fine powder which could be swept up from

the vicinity of the target after a day's firing. A spark shadowgraph

apparatus designed to measure the velocity of the projectile after perforat-

ing the armor also indicated the condition of the projectile after impact;

two examples of the records obtained. with the appar,'tus are given in Figs. 5
and 6, the latter shovwng the emergent projectile broken into very small

pieces.

3. Nose-shape test

With the survey test as a basis, the effects of changes in the nose

shape of the projectile have been studied.

If the profile of the nose is the arc of a circle, its shape may be

specified by two quantities: the length ?Aof the nose and the radius R of . .

the circle defining the curvature of the nose; b'oth _ and _ are lengths, ' •

Fig. 5. Spark shadowgraph record of caliber .244 tungsten
carbide projectile after perforation of armor. Projectile type
M,24-22, nose length 2 calibers, tangent ogive. Striking velociit

132 ft/sec, 6 .15-caliber plate at 00 obliquity of attack. Smooth
hole perforation, ((The record was made approximately 30 in. behind
the target.

See p, 19..

Fig. 6. Spark shadowgraph record of caliber .2144 tungsten. 1
carbide-projectile after perforation of armor. Projectile type
M-24-20, nose length 1 caliber, tangent ogive. Striking velocity
4896 ft/sec, 6 .15-caliber plate at 00 obliquity of attack. Shatter
hole perforation. The record was made approximately 30 in. behind 1
the target. The larger pieces appearing in the picture are prob-
ably plate rather than projectile fragrients.
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expressed in calibers. Usually, ins-tead of the length of the nose, > the

radius r (expressed in calibers) of the circle required to give a tangent

ogival nose of length A is specified. The quantities r and A are connected

by the relation A =v . The nose shape is thus specified as r/R. The

conical nose-and the tangent ogival nose are special cases, specified as

r/co and r/r, respectively.

From the foregoing varieties of shapes, the basis chosen for varying

the nose shape was to select wide variations in (a) nose length A, and

(b) angle ý of the tip, from the shape specified for the British 6-pdr

D.S. Mk I core. The six nose shapes listed in Table II have been used; the

contours are compared in Fig. 1. The core nose shape of the 6-pdr D.S. is a

1.40/I.0o. ogive with an 80' cone ( 0 = 0') ground on the point. That it is

a shape intermediate between the 1 .25/1 .25 and 1 .25/2.50 may be seen from

Fig. 2 where it and the three nose shapes of 1-caliber length are superposed

for comparison.

In vaxring the nose shape, ambiguity arises as to what part of the pro-

jectile length should be held constant - ,he over-all length, the length of

the cylindrical section, or the length of the equivalent cylinder, that is,

the cylinder with volume equal to the volume of the total projectile. The

last possibility,. yich is the same as holding the veight of the projectile

constant, has been chosen.-

Table II. Description of nose shapes of caliber' .2U4
..tungsten carbide projectiles.

A Nose length (caliber)..*.r rqa4ius to give tangent ogival noseof~~ leghA(caliber)`
SIncluded. angle at.tip of cone (deg) of 'length

The symbols for the different shapes are Princeton type designations,.

Nose Length
(caliber) Tangent dgive Secant Ogive . Cone

Sr r/R ",de_ Type r/R " __d _ deg) Tl rpR

o.50 o.5o 0.50/0,50 180.. M-24-18 - -- - Q.0/oo.90 9 ,-2)-2)

1.00' 1.25 1..25/1.25 106.3 M-24-20 1.25/2.50 8o M-2L-23 1 .25/co 53.i M-24-25
2.00 4.25 '.25/4.251 56.11M--2h-22 ..
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" The ,yalur:.s of the other factors relating to the design of the projectiles,
*liih iýý_e*i M;.-a•[ 'Uresgiven in Table I. The projectiles were f ired

as cores .-i--the.saý V...typef...faliber .50 sabot against the same armor plates

used- in the, survey test.c T I .Th. p w r

Because they have the same weight and diameter• the " ,best" p "j OJct_-1

that is, the "best.' nose shape- ma-• b e chosen from the group tested on the

basis of. the .amount of' armor perforated at a given striking velocity and

obliquity of attack. Hence, each projectile type was fired atvelocities

and obliquities near the perforation limitý found in the survey'.test.,It

"Vad sought to find for each type any conditions, if they existed, in which

(a) perforation occurred under conditions where the, survey-tested type f'ai'led,

or (b) failure occurred under conditions wher 9 the survey-tested, type perfo-,

rated, or (c) performance occurred eqtal to that of the survey-tested type..

on either side of the perforation limit. Within the wide spacing of Vari-

abJes used, only mirked and outstanding differenceb ill performance Would be

expected to appear.• Two'types indicated better performance than the-survey5-

tiested type at )•-caliber plate and intermeiate obliquities, and-the :i'ange

of velocity and obliquity over which this betterý performance occurred was

ecxplorede.

To indicate the perforation performance of the different shapps '.e have• ,

used the f`ollowing symbols: 
. , 

2.

P' - P~erf oration achieved for plate thickness e, obýiqdiity-'bf
vatati6k ."- and stri.ing' Velocity vX;

Fe.,v' Failure to -perforate under given: c~onditions-.

Although 80 projectiles were fired in the survey -test Md only 25 of each of;.

the other types were::sied in the nbse.sh.pe test,..t.e.Ierf6ratlon pe.orfrance

o? each of the nose-shape types may be Lnplied ovcr. the entire survey 'egion

1-hrouh application of -Ohe following postulates: .

W .Pe,,V implies Pe, v for all thinner plate.

(ii) -. ,evimp'4 P,, for all lower obliquitiest .. '

• (iii)-F-,e;,, implies, Fe.;V for all thic.k. pla.te. .
4v) F,e,• implie.s F for all higher obliquities.

l V e,v..

Note that because of the possibility of a shatter gap no implicati'on may be

drawn with regard to another velocity fromr'i •alue of Pe' or of. F. ..
0..7.. IV -- e .
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The results against 2-caliber,,h-caliber, andý,-caliber plate are cd~rr-

tained in the graphs of Figo. 7T, 8, and 9. Striking velocity is plotted

again-st obliquity of attack., and the type of hole in the armor is distin-,
.guished as nonshatter or shatter in tqe sense discussed in-Sec. 29.1 Te
perforation ilimits and shfatter-ve.LOc~ty, anc6 resuJ.Ltl3ng irom. Tine survey. test

on the same armor plates .(F4ig. 4) are dr'awn ifi,,again on the graphs,.of the

nose-shape test (Figs.* 7, 8., and 9) to allow comparison.

Slk shots with the 2-caliber' len'gth tangent ogival nosed projectile

M-24-22 wiore inadc ag-ainst 8.24-caliber armor plate (BIM 280) at 00" ob fquIty

of attack. Three shqts struck -with 50 yaw at velocities of 4230 ft/sec,

4470 ft/sec, and 495o ift/sec and fail'd to perforate; 'the rem~a'iing struck

with no6'ka~w at'443O ft/sec, 4900 ft/sed- an/d 521Oct/sec and perfcrated

without shatter. The pr-ojectile nose was recovered intact after the shots

at 443o frt/sec and 0L00 ft/sec.

Although the perf ormance of the projec~tiles o14 1-caliber nose leiigth

wj~h socant ogive arid with cone 1&-;24-23 and ?A-24-25 against 6-cal~ber

.plate at 00 o1ýiiquity of attack indicated that perforalhon of 8-caliber

plate -was.'possible, the test 1.could not be made because the projectiles were

all used in firing at the thinner platses

V 4 . Discuss-lon of results

'The effect- of shatter of a tungsti carbide projectile on its /,ýbility

to perforate plate is seen from t~he survey 'test to be very similar to that

qxhibited by shatter of a steel projectilev The result.* of an~ impact may be

classified into one of four groups, namely (1) n~o perforation, no shatter.,

,( 2) perforation., no shatter, "(3) no perforation, shatter,' and (0) perfora-

tion, shattr. The criterion of shatter is taken to 'be the. occurrence of a

rough surf aced... oversized hole in~ the armor. The striking velocity, .obliq-

uity of attack, and plate thickrPss variables group into ý'our regions,, inI

each of -which a single type iof befhavior'results, and tho regions may be

separated by curves or bands of perforation limit' velocity and shatter

velocity. The shatter velocity appears't be relatively independent of

plate'. thi~crness,, but. strongly af~fected by changec in obliquity of attack.

/High=-valopity terminal ballistic performance of caliber .30 _PMi2
cores, NMRC Rleport"A-2d2 (03RD-No. 3bb9) by R. J. E'mrich and. C. WV. Uurtis.
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At critical values of obliquiity., and probably at critical values of, plate

thickness, the limit velocity nprforation changes abruptly, and these

critical values are \deternuned b~y\the intersection of the curves of shatter

velocity..and of per,.oration limit velocity. The occurrence of a shatter gap.
is noted.

Thus the limit velocity for perforationi of 2-caliber plate rises

S00Q ft/se,6 when the obliquity of attack changes from 450 to 50, a)-though,a
50 change of obliquity on either uide of the critical obliquity results in

only about 200-ft/'ec change in limit velocity. A shatter gap appears on

4-caliber plate a• 30 obliqity of attacks perforation is possible with

.,velocities from,,31OO ft/sec to about 3600 ft/sec, but with, higher velocities,

even up to 480d ft/sec, perforation is not a6hieved.

In the tio instances cited in the preceding paragraph the magnitudes of

the increases in perforation limit energy are 60 percent and more than

80 percent. "'This is an indication of the extra amount of energy re.qgired

for perforation when shatter is encountered.

Thestudy of the effect of nose shape under the conditions of hyper-

vblocity, high-obliquity attack of the 2-caliber plate reveals that no

marked advantage is possessed by any one nose shape over any other. This

result may b3 attributed to the fact that all the projectiles sýkattere, d.

Against 4-caliber, plate, however, the projectiles with -- caliber nose

length failed to perforate even at O° obliquity of attack at all velocities.

All the projectiles of longer nose length perforated 4-caliber plate at O0

obliquity at all velocities; with certain veiocities the 1.25/2.50".secant

and .4.25/4.25 tangent shapes pe6rforated at 300 and 40 ° obliquity. The dif-

ferences in performance againt h plate are oll correlatod with the

occurrence of shatter; the shatter-velocity bands for tho-1.25/2.50 secant

and 4.2'5/4.25 tangent shapes are 400 ft/sec to 600 ft/sec highdr than that

for thQ 1.25/1.25 tangent shape tested in the survey, whereas the shatter-

velocity band for the projoctiles of short nose leongth is at least

1500 ft/sec l6%3r than that for the survey-tested shape.

5, Sumnary

(1) ;Shatter bchavior of tungsten carbide which is similar to that of

steel projectiles has been demonstrated.

ý'C O N F I D E N T I A L
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(2) Under .conditions of high-velocity, high-obliquity attack• changes

in nose shape have little, effect on the projectile s perforating ability.,

since shatter occurs in all cases.

(3) 'Prdjoctiles with the iore pointed noses perforate greater thicl-

nesses of armor at low obliquities.-

Jt is apparent from the results that som mians of avoiding shatter

Ather than changes in nose shape muVst be employed wncn .tnsten ,,carbide pro-

".Ictiles are fired at hypervelocities.

..

........ • .

1 /. .", .. ..- ,'

t: - . . . . . . . . . ... . i

N. •,
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....... .. UW U .&u OU± TR e? 0S•P ION OF.DUST

by J. J. Slade, Jr.

Abstract

The restrictions under which the solution of the problem of ob-
scuration has been. soght/,up to the present and tho fasibility of
removing some of these limitatidns are discussed.

Three blast deflectors for the 76 -mm gun to be offered as pos-
sible partial solutions of, the problem are described. A deflector
for-the 37-rmn gun is also described.*

1. Restri~ctions ,•t•, •,

Until recently some severe restribtions hAve been i.mpQo1dr on attachments
designed to reduce obscuration from d.st and'smoke. One restriction, that

the, attachment should not change the.-recoil chgracteristics .of the gun,-

has long since been remoyed, but.bthers have remained that have limited the

types of deflectors itwas felt Could be tried The limitations that have

presented the greatest handicaps are (i) the maximum weight of.,the deflector,

(ii) 'intolerance oi' back blast, (iil) intolerance of upward deflection of.the
2/_gases.-

Up to now we have understood that the deflector was to be placed on ,the
guns now in use as a field modification, or at least a modification that

would require no more th.n the th-'eading of the erds of the tubes. This' re-
stricts the weight of the attachment, since the elevating mechai sm.of-the

gun.carýiot operate properly against too great an unbala'nce. Intrecent talks

with members of the Tank Destroyer and Armored Boards it becamý! clear, how- '

ever, that a solution should be contemplated even if it implies the redesign

1/ "Preliminary report on blast deflectors for the suppression of dust".

by J.-J. Slade, Jr., ii:cluded in OTB-1 (OWD No. 4077).

2/ "On the design of a muzzle blast deflector," by J. J. Slade, Jr.,
inclulded in OTB-4 (OSiM No. 4357).
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of gun and'carriage. It appears then, that although there is pressing "need
for a lighit attachmentn that -will redi~eosuain terisa]s edf'

something more drasti c than hit Iherto contemplate Id that -will "not merely re-

_ýduce but if possible el-iminate obscuration.*.. -

N The re stric-,ions on back blast ihay. also be parti~ally removed. The back

blast' resulting -?rom the use of the aufthorized bra ke W2 on the 76-mm gun

appears nbt t~o b~ excessi've. Thi's is an. important consideration. The brake

IM2, which 'raisefsa great deal of-dust, neveirthe~iess reduces' obscurat(on by
virtue Of -thro vng,' ds bc o th gunrs position wh~re the *Iind has

less chance of blowing it into the line of sight. The performance of all

the deflectors thAt have been tried wouldrbe improved if thp side Jets were

deflected backimrd.

For some time vie have @ndeavored to determine whiat-limits the, asymmetry

that may be allowed in the blast from the muzzle of --a, gun as mounted a

present.. Although.'it is apparent that a downward thrust at the muzz'e 7i's'_

Wp1deasirable, still tli~re must be some non-zero lmit to si thrust belowi

which ho *41-1 effects' respult,. It, Is.6 certainly, o esirablet t o .t .ake adva .nt.a .ge

of. thi s Pe.nissible thrust, The t~'critical factor s seer~ to b 6 that (i)...

A nn-smprialie~ssre fieild'vill caudse the projectile to yaw, ii)ý thet

the elevating mecha~nism is relatively weak. With regard to!Uthe first of

these, it emsps1b oma ntai aymmeti cal core around thle pzrec

tile'while -it: pdsses -t~iroiikh the -atth.chment even Wheni 'high unsymTmetr'~ical

press-ures exist just outside the baffles.V. Even in the 'case of a ~simple'

attachment that has 'large port a'reas it would-seem that the spead of the

emerging Sa-ses is. great enouglh to keep the un~syrmmetrical shock~s~from rea~ch-'

Sing..the _Path*,o__the, projlectile, durihe the time of passage-. if.-the asymmetry

of the pots:.is not-too great. With r egard 'tq the 'secon_-d factor., wei6 have

the following letter from Ya j. 'P. W. Constance., Ordnance Department;-

In L-eply'to *your 'getter of, 11 Noveýmb er 19144, the 'Carriage Branch,'
Indstral ervacb). advisqes that the elevating mechanism of the'

90 mm Gun Carria,ý.e, T5E2, will withstand a force applied in a
vertical -lane al the, end of the tube of' 5006 16s'.,' and the 706mM.
ýCarriage Me'chani3ým about 4500 lbsý It is pointed oat, however.,
*'that there will,'Iea initial force app~led to the imdchanibm in
an Qppos.LIFt drctun ue_ tr ;th Tr6k1iek--up causedU- by th-e powder- -

0 ON F ID NT TI A.L
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couple mhich will then be followed by the kick-down reaction of the
tube because of an upyard deflection of gases through the deflec-
tor. This may set up harmful vibrationkl forces 'and the Carriage.

i Branch strongly advises against such an arrangement.

The only vi;brations that can % U L4 tm twu impulsive thrus regard-

<-:less of their directions and times of application, are those corresponding
:to the natural frequencies of gun, mount, and carriage. These frequencies

are low and there is high damping, so that we are inclined to disregard the

last objection. It is difficult to estimate what deflection of the gases

would" produce an effect on the mechanism corresponding to the static Loads

given in Major Constance's letter,, but only slight deflections are b4Wng

considered as described in the next section.

It must be remembered that no motion of the tube will take place as a.

result of the downward thrust until after the proJectile has left the muzzle,

so that the trajectory will not be affected.

2. Dust suppressors for 76-mm gun

As a result of observations and conversations at Camp Hood, it has be-

come apparent that no device that is a simple field modification can solve

t he problem completely. In the extreme dug-in position the muzZle of a"

tank-destroyer gun may be only a few Inches above the ground, regardless of

caliber. Even a very small fraction of the gas from, .a gun of large caliber

will produce obscuration under these conditions if the ground is dry. The

solution that offers same hope at present is a combination of deflector and

blast mat. Tanks are unable to make use of blast mats, but, tanks will

seldom fire froo, extreme dug-in positions such as used by tank destroyers.
--- An attachment that kp eps%'th concentrated blast from the ground will aid in

.preserving the mat and thus make possible the use. of light mats. A deflec-

tor that spreads the jet uniformly, around the- muzzle of the gun in a hori-

zontal plane would probably be easiest- on a mat,, but this type of diffuser

is not the one that produces least obscuration in the absence of a mat. The

deflector should be designed for least obsur.ation without the use of a mat.

Three deflectors are being offered as a possible immediate partial

solution of the problem. In all three the port,.areas are nonsymmetrical

about the horizontal plane through the bore axis. Solid walls are being

C 0 N F I D E N %/I A L
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left through an are of 900 at the botitomlld anac 6f00 at te top. Sm
experimentation 'with the 9,w t areas will be possible on the 76-=,. g1n 'when

the effects of the as:=witry on,'the elevating mechanism are' observe9\.

VFigILire 1L Ihov %".L.L j. theIWA LWI3 WWO-UbfflO triraouun.eawu-

(N2). The authorized forging his been used- in constructing. thi's brako .71he i
inner baffle take&ý the, standard bushing '.Vft~h *reduces the-hole. to a dimte

of 318 i. 2In allowing a larger expdnsion chamber between, the, muxzlean

.first bafeand smlfigthe construct-ion of the secor4 baffle, the-re- a

'sultin brake becomes almost identical with the more recent German brake'P,

such as the one on the 7.5-cm taik gun KWKi42. aSinc6 it seems quite certain

that the je ssuing through the h,~le in the first bafle does'not expand
greatly, the flanges in the outer baffle were elimird.kted.

Figures 2 and 3 show modification fC n Ch brakes., respectively.

The holes in the baffles have been made as small as seemed compatible with-:

proper clearance) since it is the residual~jet that produce6 the more

serious obscuration. The side jets are, deflected back-Ward though slightly

less than in the 'standard ~brake.

3. Dust supj~essor for, 37"smn gu

Figure 4 shows dust suppressor No. GE 4O based on ideas submitted by '
the General Electric Company. Wire screen is wound around a niandrel which,

is shown. in Fig. 5. Except for the 'outer rods,ý the mandrel is twned from

asolid stel, cylinder. Since the throttling of the gas by the 'screen Will

* Ileave a large re id1)al forward jet., screw threads hav4 been provided at the A

outlet hole to e,4eriment with a, nozzle. .. The bottom plate' -is tentative.* it

is--proposed-tol, experiment"wt top and bottom plates.

C 0, N DEN
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C.LCUIATD LEADS FOR AERIAL GUNNERS WSING TH-3 API-08 CmLIBER
rJ, X ±MWVi±.,U' KWu Tk Ti4.4 CALiBER .30 FRANGIMI, 'PROJECTILE

by HaroldA. Scheraga and Marcus E. E0bbs :l"

ES
Abstract .0

-lA frangible projectile (Ordnance notation '24) has been de-
veloped for training aerial gunners by having them fire' the pro- i 0 *jebtile from a. bcanber at a lightly armored target airplane. The -present report shows how the calculated leads the gunner mustgive to obtain hits when using the T44 round compare with those
he should give to obtain hits under conditions of combat. The
calculations are based on the assumption that the fighter travels
a theoretical lead pursuit curve'

The, T44 frangible projectile was developed with the idea that if the
,bomber and fighter velocity and the 'sight reticle were properly schled a
training device for aerial gunners could be made available which would
"closely reproduce the conditions of combat. The most important single
factor considered was that the leads ased by the gunner'in'tring wod,

to his knowledge, be equivalent to those he should-use when under actual
conditions of combat where he was'being attacked by a fighter on a curve
of pursuit. The fighter velocity VF, bomber velocity VB, a.nd..T44,bullet
muzzle velocity UB that have been found Practical for training as compared
with the assumed conditions for corhbat are" As. follows.

Situation ProJectile Muzzle Vel6city UB LTrue Air Speed (kin/hr)
P(ft/sec) Of Fighter Of Bomber

_________VF VB

Combat API-V8 2870 325 225
Training T44 1360 231 "'160

Calculations of the leads required when th6-fiTghter approaches the
bomber on a theoretical lead pursuit curve not corrected for aerodynamic
factors have been made along the following lines:

Preceding Page-Blank - 41 - E 3 T R I C T E D



R I 42

REST -k
The ~ ~ ~ ~ ~ .-. pih. .hifgtri ergqtd11

Jd s the rathe oef9-i the sighte a.rrsntled by-.h plans of acio

bone Eq d ( fromi theisobe flight li~ne, betee the batio ~ an V B"f -fighter, .

vel'ority to bombe~r yelocitýý), and O.is the ratio vB/(VF + 245o0), mhere the
Conetant 2450 J-8-1 the a v'erage, yelocity 'of a1 fighter's bullets., The ass=mpo-
tioris used LIn derivingEq.. (1'). are given in reference I. -XIn the present

Cal J~tion- -in b%'th the couitbt and *ýrainirg case ̀ the:iiilrag a
been chosen as'. 700 .yd4and ,the .".41i~tude hks 8000 -ft-t............................

-(ii) The inst~antaraoui range of. the, fighter as a function of tdme has
been calculated by use of the relation-' 

'

dt V t) i (2)

where /.is'4efned by q.(1).

Defibing fand T ¶

X 0"

thent sgvýb

100

The relation for I is integrated graphically.".

(Iii.) The' insta44ntaneous. ranges 'of the projectile as a functi on of t..
are obtainie& from Firinig Tables.FT 0.,50 -(j~1 and FT -'30~ AC-U-'1 as cadl-

cuae'by Ab~rdeen Prlov1ing Gdrounds. .

1 / Elements 6f theoryof aerial gneThJauandy. Orgaaniza- ..

Thhe I~nstantaneous range isi defined 'as the. distance between the
.gunner. and the fighter at any instant'.
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(iv).-The'contact point between the proJectile Ai~ght path 'and the

fghter path is determined byth tiereio ofheaneie
Splot of the praiaectile path attecrect~l nle'of fire and the rangSV4

~f 4J &t*r -Pat za~l da inldicated Jf Ln abv' t
the'range, of the contact point thuA determinod, the angle of f a k~b

let-fighter contact point is determined fr'bW agrp fagevruagl

off far the fighter path.

(v) The untor'ectea lead Is calc'ulated to the difference:`between 'the
s ight angle in the" il~ane, of action at, the time of fir~ng'and the angle, de-1

termsind by a line drawn from the bombeir to te billet-fighter contact.

point.. This lead is then* corre.6te4 for bullet, trail anid drop as' foin in

-the' firing ýtables and is firsllyyeolea.into lead inAzimuth arid eleva--

*tion. The 'terms "azimuth" lveid "lation't as used in connection with this

correction-are- defined In thel firing tab:las. '

Sirc e training with the-TJ44 projeqttle haq ben restricted thus far 'to

the tail hemisphere of the, bomer five caseq-Invoiving approachetf of the

fighter. ini thi's hemisphere 'have beenh' qgctilated. They would Appear to cover'

cases that ro44 be used in "training. The resultis of the calculAtion- are '

\shown in Table I.............. .. .... .........

* týn Table 1. no data are given for ranges ie~s than, 200, yd. because ixi
thi~rainn caeteatakibroIken off at this ranige,. Further., in

rear-quartee attacks the lead gets so small at this range that nivoerious

error can be expected betwe~n the combat and" training ocases if a properly

adjusted.,sight reiicle is use4'for the training case; anid- in the beam,

attacks at ranges of the orderdof 200:yd-the-centriffuggal acceleration on,
-the -fighter.'~ts) bee-nes quite large. It appears from the values of r

that a-reticle 1".50O times the M ~nter of the coombat reticle will be a good

average. value, ýto make-the. tsraing. case closely approximate the combat 'case

isaras leads xneaqur'eid in terms of, rettdle tlradistt are concernedw

Table II shows the values obtýLined for Cases A.,B.,C,D., and E'of ýTable I

by dividing rý by 1.0 It may be remarked that 1-.5Q i's the ratio0 of the

100-percent own-speed relation'for -the- Jt-aining'to that- f-or the combat cap~e.
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r/1.~fazCaW A, B1,,G, DI, ard E_ of TbeI

T~ble II. valve 5, r/ 5 e as2TbaI

(deg), Case A eCaseB Case.___ ___CaseD

rn..50 ~~ foz 97____

.50 .96 1 .07 1.01 0.7.J0194

340 .98 ~ 1.01, 1.0361

2Q1.02' 1.02' 1.068

tht or ontat alud fr could be .itie b nt
scaling down tPe average veoit 7(the, oqnstirb 45 app~g i hede-

nitiion of g)-of the fighter's bullet.,- If the fighter theref ore gives, in,

*the tirairing case'," the s~ame'leads (on a' "rad" basis) as he would -use in'

combat, ,th4 size of-the reticle in his sight must be reduced., For values
of Q.'betueen 200 and 9Q00 the fighter's reticle in training must be 7ý per-

cent of its siv;; in coin*at'. All the data given herein ha'ie bee wcalc6ulated

onthis basis. 7/I

It should be'noted that all./the calculations pertain to pursuit!-curlve

attacks. I alculations fo(:r the" case off the'fighter and bomber flying paral-

lel and "antipaiallel courses are now under -way.

It appears that the frangible projectile should give good training, (i)

for gunners using -"position firing rules" for pusuit-curve attacks, (i

fo gnnrsusing- own-peedil kghts for pursuit-cuinrve attacks -ard- -(±4--

f o~rigun~ners using ?omputing sigkts on pusuit-curve attacks provided the

sights 'are properly adapted f or the training case. In the casetof 'own-j

speed" sights and fixed sights., the adaptation is quiite simple . .Adaptation

of, comput3trig 'sights wi~ll vary In complexity 'with the particular type sight.

There are several shortcomings of this presentation which the writers

'recognize. Oile is, that the aerodynamic factors may modify to. a significant

RESTRITEDA,
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I'~~Otr etetti~~a~ b >ravels. Ilk4safelt taptý -wtil. considerably

W".e 1nqpt4on is aw&lable a& tor-_*~t_4W tai 4atutmly.-avm1,
ir Vuzpisuxt",urve:a*taok, A '" oibe adss ±t~rid ~t: tlhe inclusion

~ su1i actr- ~h ~dfy bweffb~v4~# Ci ThUid bAA say- -leave -the '.
( ' rtio of the- leadsd. used in caiiat and tr-Ainin AV'r nteli~a on bv. .

-Another consideration is the pre cisi on" of- the graphical method used in the
c~c4 Vos.I gnrl, :th-e accuracy is of the order- of ±2- -nl. in 'A,.

and since tracking errors are of the order of 2 "to'5 mil the-errincl
culation cannot Lbe re garded as. very serious..~no the errors -in. tii of.
flight of-the projectile .as ýbtained from'firing -tables may alto b2e of-' the
order, of. 1 :to 2 percent' arif eve'n znore if faqtorsý such as the dependence
ýof =ýlvelpcity.ont ~ . 06~ 'gma'1Otoia otcoe
sidered, the, significance of the calaulational eror aevnfrther
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FOR THRC T44 FRJCn

by A._ J. 'Weith, Jr H. JPj& ,ylor, arv1 MkrW, 3. Hobbs

Abstrai~tI
Some difclyhas arisen with- excess di~gspio~n in velocity 7

of, the Ordnance-pr~duced T44~ frangible proj'ecti1U round." Since
several factors, veqwe, belied toaf h imtr -of tne molded
projectile, filrings Myie been iadoe tQ 0aterminel-he, effect of vani-

;', ations, in the diiameter typ 41-~ aU~e vqlqajty,L _All. shots moez'
fired, through the same m~zz:1& of a ~rawn1g AC M-2 machine gun and.
a .fixed charge of.Du. Poiit No.. 47 ahffkelem* Powb : -was used.Th
zle Velocity .-With increasing didameter. Certain '.poisibJe.e Si mpliJfi-
cations -in'-i* t resofmnateae suggestd by' these re-
sults.

AThe T144i projectil1e is hndf molded. fro a- composition'o fjlw divided

lead .povider -and bake) be birxdep at several different molding plarits. . Vari-

ations-i1w time- of. curei. Trefsur%%) tern -~ofcuring,,- andi so-fortt are -

b6-i eved to influence the/,-i."' eter of the finy.shed'-projectile to a sigi*-fý-.
can exent ,Hoeve.,the variable vhich, definitel~y determines the p~iauinl

diameter.,of the projectile is th 0&~viy- size." ravitieb are found to_ vary

* in sipe'-within a particular ,mold, bedaugge of the -inability of the mold i~iker
to meet better thani some- o roleanevleihs caýKty-mk~ing oper-

"' atjion.ý In view of the above atr affbeting' bullet diamete?' and sinco

Ordmance-produced TI44 round,, anTdsfaind h fetcf bizJlet diam-

c-ters on muzzle vQlOcity vis1

Projectiles of'-the regular T44~ composition were molded in, severalsie
.of cavities by the Bakelite-Corporation at Bloomifield., New Jersey., undeir

iwhat were considered average cqozidtions. These were then miachined'to

-weight and a normal crimping gr~oove -was cut in the projectile. They' were

)) hand loaded with, 0.830,1± 0.002,.,m charges of Dlu Pont No* -47591, smokeless.

47 ~RE S T.R ICT ZD
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powder and all crimped at a -cbnstant load into caliber 36 M-I1 primed cases.
AU. powder was obtained fro•ifthe same 1-lb can of No. 4759 powder. The com-

plete-round was then placed in an air thermostat at 24.O+ 1.5 0 C for a mini-

aUr" IJEL.1CJU WJ.L .J ' I" - IJAJZ cl a at w Z,,& UJV L&U.LLJJ.U.LV*Y "U.LU. J. L~ LJL.%Y

ring was 32 percent.

The rcurds in. emOm&-ofrOlm.the thermostat one- at a time and fired
Vthro the same caliber .30. Browning AC M-2 ma Thine gun, using the same

barrel throughout. The a .;erage.,7e qity over a 50-f t- range was determined

with an Aberdeen chronogilph.a -dý 'hen to give muzzle velocity.

The results of the tests ndf.soher ,Psrtinent, data are shown in Table *I.

Twenty rounds were fired;for each ase. Three separate loadings of some
stock T44--projectiles received several ionths ago were made to check the in-.

ternal consistency of the loading procedure. These data are also shown.

Table i. Data. from fi r.rw-20 .round achr of 7 groups of .Tidv projectiles
I..a .r C -2. man., c. gun.

Cak.lie.,.- Projectile ýDim- Average .". forBakelite Code Cavity . Weight ofe
oSize Projectile Velot Velocecikea(.. - .verage..: . Velocity, Veloc-Pro t . . .. r eviation (gin (ft/sec) ity

" 1807-A """ "- 0.306 0.30 ±0.0002 6.96±_0.01 1388 18

I18o7-79B*.' .307 ".3065 ± .0006 6.94_+.o2 1389 .0

1807-79C* " .309 .3085 -+ .0001 6.95± 0.31 i415 19
1807-79D* .310 .3095 + .0002 6.95± 0.01 1421 21

T44 Standard RD-42-93 - .3090 + .0003. 6._95 0.02 1401 9
T44 Standard ,RD-42-93 - .3P90 i± Oq 6.95± 0.02 1378 9

T44 standard 1
r4 tadrdI.3090 t. .000.3. 16.96±+0.011 1378 11

*These projectiles were transfer.-nplded from B.M. 17073, batch 103D,

with a cure time of 90 sec at 325°F and 9500 lb/li.

The data indicate a definite -trend toward increasing muzzle veloci ty

with increasing .dialý.ter; however, it is rather smaller than was cxpected
in view of the extremes in diameter concerted. The trend is shown graphi-

cally in Fig. 1.
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Fig. 1. Graphical representation of muzzle veloc!ty as a function
of diameter of projectile. Data plotted were obtained from the firing
of 20 rounds each of 7 groups of T44 projectiles in a caliber •30 Brown-
ing AC M-2 machine gun.
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The results indicate that a tolerance of ±0.0008 to +0.0010 in. in

the normal diameter of 0.3080 in. should not have a serious effect on the

average muzzle velocity obtainea. Since such tolerances can prQbably be

met rather well in production., it would appear desirable to detnrmire ..

-whether the present producing facilities could meet sucha tolerance and

thus possibly eliminate the present practice of resizing all projectiles..

-Some of the projectiles produced are slightly eccentric in cross section,

and it is understood that resizing is also 'necessary to eliminate this

vailable. The eccentricity i - quite small (approximately 0.0002 to

0.0003 in.), and both the small _r value and the relatively small disper-

sion in average muzzle velocity with some regular unsized T44 projectiles

would indicate that the eccentricity probably is not a serious factor.,

i

I.

This Document

Reproduced Fron,
Best AvailaLie Copy

RESTRICTED

S• /



/

TTE Ordnance and Terminal Ballistics - Vol. 7 - January 15 to 15 February, 1945 - A -- 7i oe
Compilation of Informal Reports Submitted in Advance of Formal Reports L (oe

AUTHOR(S) :Beth, R. A.; Curtis, C. W.; Emrich, R. J., and others | •

ORIG. AGENCY Princeton Undversjty, N. d., Duke University, Durham, N. C. o o nnoePUBUSHED BY :OSR ...... Div 2, Washingon, D. C. U-;ýZ n.e. .~e,OTR

Feb 1 45 jonfd- I U.S.' En7lish 50Q photos• tables, diagrs, graphs

The'theory of the variation of the resisting force during the penetration cycle of a projectile

is summarized for three cases as a step toward the solution of the practical problems of fuze

setting and target and projectile designs. Moreover, cal 0.244 projectiles of one nose-shape

have been tested in a survey against 2-, 4-, and 6-cal-homogeneous armor. Blast deflectors
for the suppression of dust in guns are described. A comparison is made of calculated leads
and those which a gunner must give in a fighter airplane travelling a theoretical lead pursuit
curve. Finally, the effect of the projectile diameter on Phe average muzzle velocity for the
T44 projectile is investigated.

DISTRIBUTION: Copies of this report obtainable from CADO.
DIVISION: Ordnance and Armament (22) SUBJECT HEADINGS: Projectiles - Penetration (75417.86);
SECTION: Ballistics (12) Proje s Terminal ballistics (75419.5)

C-4-1a Al, Doc.ments Oic . AIR TECHNICAL II _

Wriah-Pat.rn Air Sor .. Dayton, Oh~o r- __ A -

(.-,


